The phenomena of vortex formation in relative flow field of a radial flow centrifugal pump, running at zero and part loads of the pump discharge, has been investigated. The flow field is described by two dimensional Poisson's equation, which has been solved numerically, in difference form, by relaxation technique. A physical model for the vortex formation and shedding mechanisms, at part loads, has been introduced. The effect of vortex shedding, from the impeller, on the pressure fluctuation at the pump exit has been also discussed. Experimental investigation has shown a satisfactory agraement between the measured and the theoretically predicted pressure fluctuations at part flow rates. At high flow rates, the viscosity effect on the vortex simulation model, has to be considered.
INTRODUCTION
The performance of a centrifugal pump depends to a great extent on the flow pattern throughout the pump elements. It was found by Johnson and Dean, (1) . that the majority of the hydraulic losses occur mainly in the pump casing as well as inside the recuperating elements.
These losses could be reduced by improving the flow conditions inside the impeller passages and at its exit. The development of stationary and non-stationary flow patterns inside the impeller passages, at different pump discharges, are of particular interest for designers of high head centrifugal pumps. This is because of the strong interaction between the impeller and the diffuser flow conditions, as shown by Lennemann and Howard, [2] . The flow field inside the centrifugal pump impeller has been intensively studied by various means, such as using ; the potential flow theory by Sorensen. (31. Acosta, [4] . the conformal mapping by Kimimoto and Matsuoka, [5] , the method of series expansion by Susumu, [6), the method of singularity by Reddy and Kar, (7). and the flow visualization method by Senoo Yamaguchi and Nishi, [81.
In the present work, a simple vortex model is introduced to emphasize the direct correlation between the flow structure, throughout the impeller passages, and the delivered pressure at the pump exit, specially at part loads. Theoretical and experimental investigations have been elaborated to study the impeller flow effect on the volute performance. In the theoretical study, a potential flow field is assumed to exist throughout the vane passages. The flow field is described by the two dimensional Poisson's equation which has been solved numerically by relaxation method.
A physical model for the vortex formation and shedding mechanisms, at part load, has been introduced. The amplitude and frequency of the pressure fluctuation in the pump discharge were predicted by the aid of this model. In the experimental study, the amplitude and frequency of the pump pressure fluctuation were measured. The theoretical and the measured values are compared for different pump flow rates.
FLOW FIELD
While the flow field in the impeller of a centrifugal pump is unsteady when viewed from a stationary frame of reference, the flow may commonly be steady when viewed from a relative frame of reference. For two dimensional potential flow, the flow field may be described by Poisson's equation, Massey, (9), as follows 
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In polar radial coordinates, this equation may be written in finite difference form by using Taylor expansion, shown in figure (1)" as follows :
where Al
(1/Ar)2 + (1/r,e0)2
A polar grid is constructed in the flow space of the impeller passage in r and & directions. A set of simultaneous linear equations (2) Figure (3) shows that the vortex shedding process causes two distinct effects. First, a reduction in the effective flow area corresponds to the vortex else, which results in a change of the outflow velocity of the impeller. Second, alteration in the inflow and outflow angles, which affects the pump performance. It was found by Lennemann ana Howard, (2) , that these effects may be considered as time dependent, so a periodical change in the amplitude and frequency of pressure at the impeller exit may be estimated. 
